Architectural beauty attracts many travellers to Europe. The participants of this conference were also attracted by architectural beauty, however the focus in our case was on the architectural beauty of the living cell. The living cell is not only an architectural masterpiece, but possesses fluidity and dynamism even the most gifted artisans would have found impossible to represent in stone. The architectural beauty of the living cell is created by a complex interplay between lipid bilayer membranes and the proteins that lie underneath them at the cortex. The architecture of the living cell is extraordinarily responsive to changes that occur within cells (intrinsic events) and in the extracellular environment (extrinsic events). Complex and interwoven signalling pathways link the intrinsic and extrinsic events to changes in cell shape and behaviour and those that have been identified and studied probably represent only a minority. What has become apparent, however, is the central and unique role of a group of phospholipid-binding and signalling proteins in these various pathways: the BAR, F-BAR, and I-BAR domain proteins.
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The founding member of these families was the BAR domain. The BAR domain is a class of phospholipid binding domain that possesses the ability to sense membrane curvature. In conjunction with other phospholipid binding domains BAR domains can also generate membrane curvature, e.g.
by drawing the membranes of large unilamellar vesicles out into fine membranous tubules. The name BAR is derived from the first letter of the three original members of the BAR domain protein family, mammalian tumour suppressor Bin1, mammalian neuronal protein amphiphysin, and the yeast protein Rvs167p. The 3D structures of several BAR domains have been solved and in each case the monomer consists of a bundle comprising three α-helices in a coiled-coil arrangement.
Kinks in two of the α-helices ensure that the monomer possesses some curvature. The curved monomers associate at an angle with respect to each other thus generating increased curvature in the dimer such that it has a shape reminiscent of a banana. BAR domain dimers associate with membranes via their concave surfaces and induce curvature 1,2 .
A second group of proteins with predicted α-helical structure were originally called the Pombe Cdc15 Homology (PCH) proteins based on amino acid sequence similarity to the fission yeast (Schizosaccharomyces pombe) cell cycle regulatory protein Cdc15. What only became apparent when the 3D structures of the first PCH proteins were elucidated was that the predicted α-helical region of each PCH protein forms a bundle of three α-helices and these assemble to form bananashaped dimers reminiscent of the 3D structure of the BAR domain. F-BAR domains interact with membranes via their concave surface to generate curvature. The PCH proteins include a group of vertebrate non-receptor protein tyrosine kinases (FES/FER) and the mammalian actin cytoskeleton and signalling protein CIP4. The α-helical regions of these proteins had been given the name FCH (FES/CIP4 Homology) domain. The new domain shared by the PCH proteins is now referred to as the F-BAR domain. The F-BAR domain differs from the BAR domain in that the individual monomers and the dimer are both more elongated in the F-BAR structure. Secondly, the monomers are set at a wider angle in the dimer giving the dimer a more gentle curvature 3, 4, 5 .
was observed for knockdown of N-WASP or Arp3 or Arp2/3 dominant-negative inhibition. This suggests that syndapin 1 may activate N-WASP and thereby promote Arp2/3-dependent actin filament assembly to drive neurite formation.
The ability of the syndapin I gain-of-function mutant protein to confer neuronal arborisation in hippocampal neurons required not only its Src Homology 3 (SH3) domain (which mediates syndapin I binding to N-WASP) but also its N-terminal F-BAR domain. The isolated syndapin I SH3 domain was shown using a pyrene-actin assembly assay to be sufficient to activate N-WASP for Arp2/3-dependent actin filament assembly in vitro. The N-terminal F-BAR domain of syndapin I was shown to be sufficient for direct binding to liposomes in vitro and to have a preference for liposomes that contain phosphatidylserine (PS). In an elegant experiment in which the F-BAR domain was substituted for sequences that confer constitutive membrane association by directing protein palmitoylation the role of the F-BAR domain in neuronal arborisation was shown to be membrane recruitment.
The role of syndapin I and N-WASP in neuromorphogenesis is specific. Abp1 is another protein that, like syndapin I, can bind and regulate N-WASP activity. Knockdown of Abp1 in hippocampal neurons also resulted in longer axons. Intriguingly, however, knockdown of Abp1 differed from knockdown of either syndapin I or N-WASP in that it did not result in aberrant axonal branch formation. This suggests that not all Arp2/3 activators play the same role in neuromorphogenesis and suggests a possible reason for the existence (even in a single cell type like a neuron) of multiple types of Arp2/3 activator.
F-BAR domain proteins not only function in cortical actin filament assembly, but also in membrane traffic, e.g. in uptake of extracellular material and cell surface receptors by endocytosis. Most work on F-BAR proteins in endocytosis has focussed on their role in uptake through clathrin-coated pits.
However, Shiro Suetsugu (Institute of Molecular and Cellular Biosciences, University of Tokyo, Japan) has identified an F-BAR protein that localises to caveolae. This work is unpublished so the identity of the F-BAR domain protein found to function in caveolae cannot be revealed. In this meeting report we will refer to this protein only as F-BAR(x).
Suetsugu showed that F-BAR(x) localises to caveolae in HeLa cells (as detected by immunolabelling for endogenous caveolin-1) and exhibits much less colocalisation with clathrin-coated pits (as detected by immuno-labelling for clathrin). Suetsugu presented the 3D structure and the results of a thorough mutational structure-function analysis of the F-BAR domain of F-BAR(x). A notable feature of the F-BAR(x) F-BAR domain is its greater curvature compared to other F-BAR domains.
Two assays for membrane deforming activity were employed -one in vivo and one in vitro. The in vivo assay involved transient over-expression of the wild type or mutated F-BAR(x) F-BAR domain in HeLa cells and examining their ability to induce the appearance of cell surface protrusions known as microspikes. Wild type F-BAR(x) was shown to localise to the cell surface proximal neck of each microspike. Over-expression of wild type F-BAR(x) also induced the appearance of networks of membrane tubules in the cytoplasm. Sulphorhodamine labelling revealed that these membrane tubules retain a connection to the plasma membrane. Caveolin-1 was evenly distributed throughout the length of membrane tubules, whereas F-BAR(x) gave a punctate distribution that colocalised with caveolin-1 only at the tubule tips. Using TIRF microscopy the tubule diameter was estimated as 50-100 nm. The in vitro assay tested the ability of the wild type or mutated F-BAR domain to associate with and tubulate liposomes. The tubules formed by F-BAR(x) in vitro had a diameter of 40-170 nm. This is consistent with the prediction from the 3D structure of the F-BAR(x) F-BAR domain that it would form membrane tubules with a diameter of ~40 nm.
Consistent with what has been shown previously for BAR domains, basic charged residues exposed on the concave surface of the F-BAR(x) F-BAR domain were found to play a critical role in both 7 microspike and cytoplasmic tubule induction in vivo and liposome tubulation in vitro. Substitution of these basic residues on the concave surface generally had only modest effects on the ability of the F-BAR domain to bind membranes. As expected, charged basic residues located on the convex surface of the F-BAR(x) F-BAR domain were found to be less important for induction of membrane curvature in vivo and in vitro. Substitution of acidic residues with basic residues on the concave surface resulted in mutant proteins with enhanced ability to generate membrane curvature in vivo and in vitro. Interestingly, the mutations in the F-BAR domain that abolished microspike and cytoplasmic tubule induction in vivo and liposome tubulation in vitro also abolished subcellular localisation of F-BAR(x) with caveolae in vivo.
In the presence of liposomes of suitable diameter, F-BAR proteins have been shown to promote Arp2/3-dependent actin filament assembly. In the presence of liposomes F-BAR(x) binding to N-WASP via its C-terminal SH3 domain was shown using in vitro pyrene-actin polymerisation assays to result in significant stimulation of actin filament assembly. The activation observed with F-BAR(x) is much weaker, however, than that observed in the presence of liposomes with another F-BAR protein known to bind and activate N-WASP, Toca-1 (FBP17). This may be explained on the basis that Toca-1 is known to function in endocytosis through clathrin-coated pits, whereas F-BAR(x) functions in uptake through caveolae. Clathrin-dependent endocytosis is associated with extensive actin filament assembly, whereas uptake through caveolae may require only modest levels of actin assembly.
I-BAR domain proteins and their role in actin filament assembly and membrane curvature was the focus of the presentation by Pekka Lappalainen (University of Helsinki, Finland). I-BAR domains bind phospholipids and like BAR domains show a preference for phosphatidylinositol (4,5)P2
(PIP2). When I-BAR domains associate with liposomes they do so only on the inside (lumenal) side of tubules and they drive tubule growth inward (i.e. into the liposome lumen). This is in contrast to 8 BAR and F-BAR domains that bind to the outer side of tubules and drive tubule growth outward (i.e. away from the liposome surface). Consequently, the charged basic residues of the I-domain that mediate membrane binding are on the opposite surface compared to BAR and F-BAR domains.
Bodipy-TMR-PIP2 was used as a fluorescent label for giant unilamellar vesicles (GUVs) and it was demonstrated that coincident with tubule formation the I-BAR domain induced PIP2 clustering (as monitored by fluorescence self-quenching). Although all I-BAR domain proteins localise to filopodia in vivo, different I-BAR domain proteins showed distinct localisations within the filopodia.
The biochemical and functional differences between I-BAR domain proteins of different subfamilies are attributable to the presence or absence of an N-terminal amphipathic α-helix adjacent to the I-BAR domain. The insertion of this α-helix into the membrane provides saltresistant membrane association and at the same time alters the diameter of the membrane tubules the I-BAR domain protein forms. A model was presented in which I-BAR domain proteins are initially recruited to the plasma membrane by electrostatic interactions. They then cause clustering of PIP2 within the membrane, which generates membrane curvature by virtue of the convex 9 geometry of the lipid-binding surface of the I-BAR domain. Finally, some I-BAR domains can insert their N-terminal amphipathic α-helix into the membrane and this lowers the degree of membrane curvature. CeToca-1 and CeToca-2, like mammalian Toca-1 and Toca-2, possess C-terminal SH3 domains. In the case of CeToca-1 the SH3 physically associates with both mammalian and C. elegans N-WASP (CeWSP-1). The Toca-2 SH3 does not associate with N-WASP or CeWSP-1, but instead with both mammalian and C. elegans WAVE (CeWVE-1). This suggests CeToca-1 and CeToca-2 may regulate actin filament assembly driven by N-WASP/CeWSP-1 and CeWVE-1, respectively.
Immuno-staining with CeToca-1 and CeToca-2 antibodies revealed expression of both proteins in embryos and in the adult germ line where they localised to intracellular vesicular structures and on the plasma membrane.
CeToca-1, CeToca-2, and CeToca-1 CeToca-2-deficient mutant lines were created. Both single and double mutants exhibited phenotypes consistent with a defect in clathrin-mediated endocytosis. In particular, oocytes were defective in receptor-mediated endocytosis of the yolk protein vitellogenin (YP170). YP170 binds to its cell surface receptor RME-2 and the receptor-ligand complex is internalised by endocytosis. As a consequence of the endocytic defect, vitellogenin/YP170 accumulated in the body cavity of the adult worm and there was a reduction in both the number of vitellogenin/YP170 positive oocytes and in the total number of eggs laid. Worms that arose from these defective eggs exhibited an arrest in embryonic development.
In mammals, N-WASP and WAVE1 are often viewed as being somewhat specialised for endocytosis and formation of cell protrusions, respectively. However, in C. elegans CeWSP-1 (N-WASP ortholog) and CeWVE-1 (WAVE1 ortholog) are both important for receptor-mediated endocytosis of vitellogenin/YP170 by oocytes. Other members of the CeWVE-1 protein complex (CeABI-1, CeGEX-2, and CeGEX-3) are also important for vitellogenin/YP170 uptake. Consistent with the idea that CeToca-2 regulates CeWVE-1, RNAi-mediated knockdown of either CeWVE-1 or other members of the CeWVE-1 protein complex like CeABI-1, CeGEX-2, or CeGEX-3 (but not CeWSP-1) showed genetic interactions with the CeToca-2 mutation.
Loss of CeWVE-1, CeABI-1, CeGEX-2, or CeGEX-3 function due to mutation results in a failure of ventral enclosure during embryonic development. As a consequence, these mutants display a Gut 13 on the Exterior (Gex) phenotype. The CeToca-1 CeToca-2 double mutant also displays a Gex phenotype. Re-expression of CeToca-2 in these mutant worms is sufficient to rescue this defect.
Further analysis revealed altered intestinal morphology during embryonic development in CeToca-1
CeToca-2 deficient worms. In particular, defects in the adherens junctions were observed, including delocalisation and increased expression of the adherens junction markers AJM-1 (ortholog of mammalian JAM1) and CeDLG-1, a disrupted F-actin distribution, and loss of normal cell-cell contacts.
The embryonic lethal phenotype of CeToca-1 CeToca-2 deficient worms is enhanced by RNAimediated knockdown of CeWVE-1, but not CeWSP-1. This suggests the major contributing factor in the embryonic lethality of CeToca-1 CeToca-2 deficient worms is reduced CeWVE-1 function.
Interestingly, however, CeToca-1 may also function (at least in part) through CeWVE-1. Although only CeToca-2 binds CeWVE-1 directly, CeToca-1 binds CeABI-1, which is a component of the CeWVE-1 protein complex.
Cross-talk between the N-WASP-and WAVE-dependent actin filament assembly pathways may also exist in mammals where Toca-1 is known to associate indirectly with WAVE2 because of its direct interaction with ABI-1 (a component of the WAVE2 protein complex). Moreover, in mammalian cells Toca family members were shown, in preliminary experiments, to localise to cellcell junctions and to regulate the formation and/or maintenance of tightly sealed cell monolayers, presumably by controlling the localization of ABI-1 (and presumably the rest of the WAVE2 protein complex) at junctions. This is consistent with the Gex phenotype observed for CeToca-1
CeToca-2 mutants in C. elegans. It was proposed that in both C. elegans and mammals Toca-1 and Toca-2 promote tissue morphogenesis by coordinating clathrin-mediated endocytosis with N-WASP-and WAVE-dependent actin filament assembly. There exist three subtypes of srGAP (srGAP1-3). Each subtype has a slightly different expression pattern in the brain. srGAP1 binds slit/robo and plays a role in neuronal guidance. srGAP3 binds WAVE and functions in regulation of actin filament assembly. Less is known about the role or interactions of srGAP2. srGAP2 has an N-terminal F-BAR domain, a central GAP domain (Rac1-specific), an SH3 domain, and a coiled-coil domain at the C-terminus. srGAP2 is expressed throughout the period of neuronal migrations during mouse brain cortex development consistent with it having a physiological role in this process. Ectopic expression of srGAP2 in COS-7 cells induces the formation of spike-shaped (filopodia-like) cell protrusions of 80nm diameter whose entire length stains for F-actin. Some of these protrusions are highly dynamic while others are not.
Interference with actin filament assembly does not prevent induction of these cell protrusions, however it does affect their dynamics. The F-BAR domain is both necessary and sufficient for induction of these spike-shaped cell surface protrusions. The F-BAR domain is also sufficient for subcellular localisation to these protrusions, although the isolated F-BAR domain is not found exclusively in protrusions and some shows an even distribution over the cell surface. Transient over-expression of srGAP2 in neurons also induces spike-shaped cell surface protrusions and srGAP2 distributes throughout the length of these protrusions.
Liposome binding experiments showed that the srGAP2 F-BAR domain acts more like an I-BAR domain and induces the formation of scalloped morphology on the surface of liposomes and inward membrane tubule growth (like IRSp53). Only when the permeability barrier of the liposomes is broken and the srGAP2 F-BAR domain can gain access to the lumen can it induce the growth of tubules outward from the liposome.
A novel ex vivo cortical electroporation and slice culture methodology was developed to track neuronal cell production and migration in the developing brain. In this technique, DNA encoding green fluorescent protein (GFP) is electroporated into the neuronal progenitors prior to neuronal migration. The migration of the GFP-tagged neurons through to the cortex could then be tracked using GFP fluorescence. Knockdown of srGAP2 increases radial migration of neurons and decreases the frequency of neurite branch formation. Conversely, srGAP2 over-expression reduces radial migration of neurons. At the level of individual neurons, srGAP2 regulates neuronal migration by regulating leading process branching. Excessive formation of protrusions and branches at the leading process, caused by srGAP2 over-expression, delays cell migration. Reduced formation of protrusions and branches at the leading process caused by srGAP2 knockdown increases the rate of cell migration.
Mutation of the srGAP2 GAP domain such that it still binds Rac but no longer inactivates Rac
GTPase activity had only an intermediate effect on the ability of over-expressed srGAP2 to inhibit radial neuronal migration. In contrast, a point mutation in the SH3 domain that prevents binding to partner proteins abolished inhibition of radial neuronal migration by srGAP2 over-expression. In contrast, complete deletion of the SH3 domain and flanking C-terminal sequences restored the ability of srGAP2 over-expression to inhibit radial neuronal migration. This suggests that the binding of a partner protein to the srGAP2 SH3 domain may break an srGAP2 auto-inhibitory intramolecular interaction involving the SH3 domain and be important for srGAP2 activity. This model is currently being tested experimentally.
Session 2: F-BAR proteins and vesicle trafficking
Following his elucidation of the 3D structure of the Drosophila amphiphysin BAR domain (Peter et al., 2004) and human FCHo2 F-BAR domain (Henne et al., 2007) , Harvey McMahon (MRC LMB, University of Cambridge, Cambridge, UK) has created a website called the "Bar Superfamily"
(http://www.bar-superfamily.org/). At this website are image files with the 3D structures and links to the original PDB database for all BAR-, F-BAR-, and I-BAR-domain proteins whose 3D structure has been solved. The "Bar Superfamily" website should be considered a review article and properly cited whenever data contained in it are referred to in other research articles. The remainder of McMahon's presentation consisted of unpublished data on the function of FCHo2 that cannot be described here but will be published elsewhere in due course.
The BAR domain proteins amphiphysin and endophilin play an important role in synaptic vesicle recycling in the nervous system. Both proteins have a C-terminal SH3 domain that binds the high molecular weight GTPases dynamin. Dynamin is expressed by three genes in mammals. Dynamin 1 and 3 are neuronal proteins, while dynamin 2 is the ubiquitous isoform. The lab of Pietro De Camilli (Howard Hughes Medical Institute/Yale University, New Haven, CT, USA) has generated conditional KO mice for all three dynamin isoforms. In the talk, De Camilli presented an analysis of fibroblastic cells that lack dynamin. To obtain such cells, their first generated dynamin 2 KO cells from dynamin 2 conditional KO mice. Surprisingly, they found that such cells also expressed dynamin 1. Thus, they generated dynamin 1 and 2 double conditional knockout (KO) mice. Then, GAP domain is active on both Cdc42-and Rho-GTPases. The GAP activity of GRAF1 is subject to auto-inhibition by interaction with the BAR domain. Hence, intact GRAF1 stimulates GTPase activity only modestly in comparison to its isolated GAP domain, a truncated GRAF1 protein containing only the GAP and neighbouring PH domain, or full-length GRAF1 protein after partial trypsin digestion. Endogenous GRAF1 localises to tubular endosomes that are highly dynamic, of variable length, and positive for cholera toxin (CTxB). GRAF1 does not colocalise with caveolin, transferrin (Tf), Arf6, or class I MHC. This is consistent with subcellular localisation of GRAF1 to the CLIC/GEEC compartment.
GRAF1 is important for the function of the CLIC pathway as knockdown of GRAF1 results in reduced uptake of fluid-phase endocytic markers that use the CLIC pathway (e.g. dextran) but does not affect the uptake of markers that use the clathrin-coated pit pathway (e.g. Tf). One might predict that the GRAF1 lipid-binding BAR or PH domains would specify subcellular localisation.
However, this is only partially the case as a truncated form of GRAF1 comprising only the BAR and PH domains does not colocalise as efficiently with internalised GPI anchor proteins/CTxB as full length GRAF1. Dynamin may play a role in the fission of the GRAF1-positive tubular compartment as dynamin also localises to these compartments. Dynamin labels the ends of the tubules (presumably sites of fission). In contrast, GRAF1 is evenly distributed along the entire length of the tubule. GRAF1 also physically associates with dynamin via its C-terminal SH3 domain. GRAF1 also binds and colocalises with GIT1 (a GAP specific for ARF1 and ARF6). The remainder of the Lundmark presentation consisted of unpublished data on the function of GRAF1
that cannot be described here, but will be published elsewhere in due course. To test DmCIP4 function in vivo a transposon-(P-element) mediated deletion of the DmCIP4 gene was isolated. Flies deficient in DmCIP4 are viable, but exhibit defects in the wing epithelium. The
Drosophila wing is composed of hexagonal epithelial cells, each of which has a single hair associated with it. In the DmCIP4-deficient flies, instead of one wing hair each epithelial cell had 2-3 wing hairs. In contrast to these findings with DmCIP4, mutation or RNAi-mediated knockdown 21 of DmWASP resulted in no change to wing hair number or appearance. This suggests that DmCIP4-dependent regulation of wing hair number may require DmWAVE, but not DmWASP.
Further support for this came from the finding that knockdown of DmWAVE in the DmCIP4-deficient flies enhanced the DmCIP4 mutant phenotype, but knockdown of DmWASP in DmCIP4-deficient flies did not. Over-expression of either DmWAVE or DmWASP in DmCIP4-deficient flies rescued the defects. Thus although DmCIP4 normally works through DmWAVE, high-level expression of DmWASP can compensate for reduced DmWAVE function. In summary, DmCIP4 appears to act through DmWAVE to regulate wing epithelium development in Drosophila.
Mammalian CIP4 was discovered on the basis of its physical association with the Rho-family that recovers membrane material from the cisternae that form whenever the rapid synaptic-vesicle recycling pathway is over-loaded (e.g. following multiple rounds or particularly strong electrical stimulation of the axon). However, an alternative role for syndapin in stabilising the plasmalemma 24 to prevent membrane cisternae formation cannot formally be excluded. The remainder of Borodin's presentation consisted of unpublished data on a syndapin 1 interacting protein he identified that cannot be described here, but will be published elsewhere in due course.
Session 3: F-BAR proteins in health and disease I
Scott Soderling (Duke University, Durham, NC, USA) is using the mouse model to investigate the role of the srGAP subfamily of F-BAR proteins in the development and function of the CNS. His presentation consisted of unpublished data that cannot be described here, but will be published elsewhere in due course.
Seth Corey (Northwestern University, Chicago, IL, USA) presented the latest results from his ongoing phenotypic analysis of mouse lines that harbour a knockout of the gene encoding the F-BAR domain protein CIP4. The presentation consisted of unpublished data that cannot be described
here, but will be published elsewhere in due course. and epidermal growth factor (EGF)-induced cell migration. The presentation consisted of unpublished data that cannot be described here, but will be published elsewhere in due course.
A feature common to those F-BAR proteins that lack GAP or kinase domains is the presence of a C-terminal SH3 domain. A C-terminal SH3 domain is present in the F-BAR protein PSTPIP1, although not in the related protein PSTPIP2 (also known as MAYP) 14, 15, 16 . PSTPIP2 is predominantly expressed in macrophages, osteoclasts, and mast cells 17, 18, 19 and Richard Stanley domains, e.g. Src, Grb2 and Mona.
When extracts were prepared from macrophages before or after CSF-1 stimulation and phosphoTyr-containing proteins were then isolated by anti-phospho-Tyr affinity purification followed by denaturing S6-size exclusion chromatography, 181 unique proteins with CSF-1-stimulated phospho-Tyr were identified. Of these, 95 were cytosolic, 49 were membrane-associated and 37
were found in both fractions. Pull-down of F-actin using the F-actin-specific toxin phalloidin showed that PSTPIP2 is the major phospho-Tyr-containing protein in the cytosolic fraction that associates with F-actin 17 . The alternative name for PSTPIP2, MAYP, is an acronym for macrophage actin-associated and tyrosine phosphorylated protein.
Increased PSTPIP2 expression in macrophages is associated with changes in the cellular response to CSF-1 20 . These changes include increased chemotaxis, increased filopodia formation, and decreased membrane ruffling/lamellipodia formation in response to CSF-1. The macrophages lose ruffling and instead spread and become more polarised. Immuno-EM reveals that PSTPIP2 exhibits subcellular colocalisation with cortical and filopodial F-actin. Transmission EM with rotary shadowing of the actin cytoskeleton shows that PSTPIP2 bundles F-actin in vivo. However, macrophages isolated from PSTPIP2-deficient mice had no defect in CSF-1R endocytosis (Chitu et al., unpublished) . This suggests that PSTPIP2, unlike several other F-BAR domain proteins, may not function in endocytosis.
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Mutations in PSTPIP2 cause auto-inflammatory disease (e.g. the Lupo mutation, which is 
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The kinked tail phenotype of cmo mice also suggested that inflammatory bone resorption may occur and hence the bone structure of cmo mice and the role of PSTPIP2 in osteoclast differentiation and function has also been intensively investigated and was also discussed.
Session 4: F-BAR proteins in health and disease II
The Keynote Lecture was by Tadaomi However, these 3-phosphorylated phosphoinositides were predicted (and later shown) to be a new class of signalling lipids. Takenawa then described the discovery by Ingrid Lassing and Uno Lindberg in 1985 that PIP2 can bind to the actin sequestering protein profilin in addition to the plasma membrane and thereby regulate actin filament assembly. A number of actin cytoskeleton and focal adhesion proteins were found to specifically bind PIP2, including α-actinin and vinculin.
Subsequently, most actin regulatory proteins have been shown to bind PIP2. has an amphipathic α-helix, which it inserts into the membrane to stabilise membrane curvature.
Another class of phosphoinositide-binding domains are the BAR domains that bind PIP2 and are found in proteins such as amphiphysin 1 and 2, endophilin 1-3, nadrin/RICH1, SH3BP1, oligophrenin-1, and GRAF2. BAR domains have the ability to bind liposomes that contain PIP2 and convert them into membrane tubules. Takenawa has an interest in the signalling protein IRSp53.
IRSp53 has an I-BAR (also known as RCB) domain. Shiro Suetsugu in Takenawa´s group elucidated the 3D structure of the IRSp53 I-BAR domain and found it resembles that of the BAR domain. crystal structure of the F-BAR domains of FBP17 and CIP4 with the aim of determining the mechanism by which these domains tubulate membranes. They found that, like BAR domains, F-BAR domains fold into curved bundles of α-helices that then assemble into banana-shaped dimers.
Compared to BAR domain dimers, the F-BAR domain dimers possess a more gentle curvature.
Moreover, F-BAR domain dimers can further associate end-to-end connected by hydrogen bonds to form filaments. Cryo-TEM was used to show that F-BAR domains form striated structures on the membrane tubules they generate from liposomes in vitro. The striations have a regular spacing of 42 nm. These striations represent tight F-BAR spirals that cover the tubular membranes 4 .
In Takenawa´s 
